Background: Self-esteem (SE) is suggested to influence the relationship between orthodontic treatment need and oral health-related quality of life (OHRQoL), but evidence lacks. The aim of the present study was to investigate SE in the relationship between subjective orthodontic need and OHRQoL in children. Methods: This cross-sectional study was embedded in the Generation R Study, a multi-ethnic population-based cohort. In total, 3796 10-year old children participated in the present study. OHRQoL, measured with the Child Oral Health Impact Profile-ortho, and subjective orthodontic need were assessed within parental questionnaires. SE was measured with a modified version of the Harter's self-perception profile rated by the children. The role of SE in the association between SOT and OHRQoL was evaluated with linear regression models. Furthermore, the difference in this association between children with high and low SE was investigated. 
Introduction
Oral health-related quality of life (OHRQoL) is the most commonly used patient reported outcome measure in dental research (1) . It in the dental field of orthodontics, OHRQoL gained increasing importance to supplement ordinary objective clinical measures (3) . Because objective clinical measures often cannot explain the demand for orthodontic treatment need, OHRQoL is a valuable complementary measure to understand some of the variation between subjective and objective orthodontic treatment need (4, 5) .
A useful framework for research on OHRQoL is the Wilson and Cleary model (6) . Based on this model, clinical variables influence OHRQoL via symptom status, functional status and general oral health perception. Moreover, this pathway is influenced by environmental factors, like social economic position, and individual characteristics, like self-esteem (SE) (7) . SE is described as the subjective ability to deal with the environment and is impacted by the interactions with others (8) . In contrast to OHRQoL, SE is considered to be a less dynamic construct (2, 9) .
The association between malocclusions and OHRQoL has been extensively investigated (10) (11) (12) . Children with malocclusions perceive significant impacts on OHRQoL (10) . Also, different studies investigated the role of SE in the relationship between objective orthodontic treatment need, that is malocclusions and OHRQoL. It has been shown that OHRQoL is positively associated with SE (13, 14) . Still, orthodontic treatment could not be proven to advance SE, neither had children with malocclusions consistently lower SE (15) (16) (17) (18) . In contrast, the role of SE is less investigated in the association between subjective orthodontic treatment need (SOT) and OHRQoL. However, understanding the interaction of these psychosocial measures, also independent of malocclusions, is crucial to develop effective and efficient orthodontic care (19) . Therefore, the aim of the present study was to investigate the role of SE in the relationship between SOT and OHRQoL among 10 year old children living in Rotterdam, The Netherlands.
Materials and methods

Study design and study population
The study was performed within the Generation R Study, which is a prospective multiethnic population-based cohort study in Rotterdam, The Netherlands. Details of the Generation R Study have been extensively described elsewhere (20, 21) . The Generation R Study was approved by the Medical Ethics Committee of the Erasmus University Medical Centre (MEC-2012-165). All participants provided written informed consent before data collection started.
All pregnant women which had a delivery date between 1 April 2002 and 31 January 2006 living in the study area were invited to participate in the study. Of these, n = 8548 participants were still eligible to participate in the study phase at the offspring's age of 10 years, and n = 7393 participants gave full consent for participation. At the age of 10 years, participating children and their mothers were invited to a well-equipped and dedicated research centre in the Erasmus Medical Center-Sophia Children's Hospital. Data on children's OHRQoL and SOT assessed at the age of 10 was available from n = 3849, which compromise the study population for the present study. With this sample size and a significance level of α = 0.05 we have 93.2 per cent power to detect small effects on OHRQoL (ES = 0.1).
Oral health-related quality of life
OHRQoL and perceived orthodontic treatment need of the children at the age of 10 were assessed by questionnaires, which were sent by post to the mothers of the children. When the questionnaire has not been returned within 3 weeks, a kind reminder letter was sent. After 6 weeks, if the questionnaire still has not been returned, the parents received a phone call in which help with completing the questionnaire was offered and the importance of filling out the questionnaire was explained once more. The parents could either send the questionnaire back by post or bring it to the appointment at the research centre at which examinations took place. OHRQoL was measured with an 11-item version of the Children's Oral Health Impact Profile (COHIP). This version, named COHIP-ortho, has been validated in an orthodontic sample to measure OHRQoL related to malocclusions (22) . The questions of the short COHIP version were answered on a five-point Likert scale and covered five domains of children's oral health: oral symptoms, functional well-being, emotional wellbeing, school and peer interaction. All answers were added up to a final OHRQoL score (range 11-55 points), with the highest score indicating the best quality of life. Missing values in the responses to the questionnaire were replaced by the personal mean score of the remaining answers, as proposed by other researchers using the original version of the COHIP (23) . If there were more than 30 per cent of the answers missing, the participant was excluded from the study sample, which was the case for 145 of all excluded children. The individual questions of the 11-item version of the COHIP are presented in the Supplementary Table S1.
Perceived orthodontic treatment need
Perceived orthodontic treatment need was measured with the question 'Do you want your child to get braces?' This question was also included in the maternal questionnaires and previously used by Kragt et al. (22) and showed to have good concurrent criterion validity. The mother answered the question on a five-point Likert scale, with answer possibilities ranging from 'strongly disagree' to 'strongly agree'. For the data analysis, answers are categorized into perceived need (strongly/somewhat agree), borderline perceived need (do not agree/ do not disagree) versus no need (strongly/somewhat disagree). At the age of 10, children in the Netherlands are unlikely to have started their orthodontic treatment.
Self-esteem
SE was assessed in questionnaires sent directly to the children. For this an adapted question format of the Harter's self-perception profile according to Wichstrom (24) was used. Because younger children were studied, the question format as Wichstrom suggested was applied to the validated self-perception profile for children (CBSK in Dutch) (25) . Four subscales of the CBSK were used: school competence (five items), social acceptance (five items), athletic competence (three items), and physical appearance (three items). One item from the physical appearance scale and one from the school competence scale of the CBSK, because of spatial limitations and those items seemed to be most redundant. Two items were added as global indicators of self-worth. Also, slight adaptions of wording were made, to make the questionnaire more up to date. In addition, the four-point coding was revised into a three-point coding system, because it has been established by Achenbach and Ruffle (26) that variability of items scores is higher when a three-point coding system is used. Thus, the children answered the questions of the CBSK with one of the three options: 'not true', 'somewhat true', or 'true'. All answers were added up to a final SE score (range 18-54 points) or SE subscale score, respectively, with the highest score indicating the highest SE. Missing values in the responses to the CBSK were replaced by the mean score of the remaining answers for the particular subscale. If there were more than 30 per cent of the answers missing per subscale the SE score was coded as a missing value. The overall SE score was categorized into high and low based on a 20 per cent cut-off at an SE score of 28.0. The individual items of the adapted format of the Harter's self-perception profile are presented in the Supplementary Table S2 .
Covariates
The collection of all covariates in the Generation R Study is described extensively elsewhere (27) . Potential confounding factors were considered from three domains: social economic position, individual child characteristics, and clinical variables. Social economic position was captured with maternal and paternal education level (high: higher vocational training, university or PhD degree versus low: no education, primary school, lower or intermediate vocational training, general school or first year of higher vocational training), with netto household income (≤2000€ versus >2000€), and maternal marital status (married, registered partnership, living together versus no partner all, partner with whom I do not live). Individual child characteristics covered age, gender, and ethnicity of the child. Children with parents born in the Netherlands were classified as Dutch. If one of the parents was born in another country the child was classified as non-Dutch. If the parents were born in different countries, maternal ethnic background defined children's ethnicity, because this takes into account their cultural background as mothers are most often the primary caregivers. , tooth brushing frequency (once or less a day versus twice or more a day) and dental visits (more than 1 year ago versus less than 1 year ago). The dmft index has been assessed from photographic records, which has been extensively described elsewhere (28) . The IOTN was assessed from photographs and radiographs taken at the dedicated research center of the Generation R Study and evaluated by a calibrated examiner (LK) as described in Kragt et al. (29) . All covariates were assessed, or verified, at the children's age of 10 years, except for maternal and paternal education level, marital status and caries experience, which was assessed at the children's age of 6 years.
Statistical analysis
The data analysis was performed in 2016, after the study phase at the children's age of 10 years was completed. Differences in sample characteristics among children with no, borderline, or definite SOT were evaluated with chi-square tests for categorical data and Kruskall-Wallis test or analysis of variance for continuous data. Then, Spearman correlation analysis were conducted between SOT and the SE overall score as well as the SE subscale scores (Supplementary Table S4) , and overall SE with SOT as well as IOTN-AC (Supplementary Table S5 ). The difference in OHRQoL according to high and low overall SE was evaluated with a MannWhitney U-test (Supplementary Table S6) .
Finally, linear regression models with weighted leas squares were used to evaluate the role of SE in the association between SOT and OHRQoL. Generally, three different models with SOT as determinant and OHRQoL as outcome variable were built. A basic model adjusted for gender and age only, model 1 was additionally adjusted for paternal education level, household income and marital status, and model 2 was additionally adjusted for caries experience, IOTN-AC and IOTN-DHC. A confounding variable was included into the model based on the association between the covariates with SOT, OHRQoL, and SE. In an another step, overall SE was added to each model to assess the extra amount of variance explained for OHRQoL (R 2 change) and to evaluate the significance of this change. Also, the percentage change in estimate after adding SE to the model was calculated for borderline and definite SOT [(β model − β model + SE )/ (β model )] (Supplementary Table S7 ). Finally, the difference in the association between SOT and OHRQoL between children with high and low SE was evaluated with interaction terms between SOT and SE in the model and presenting in a stratified analysis. Interaction terms were built separately for the borderline perceived need and definite perceived need group with SE (continuous variable). The association between SOT and OHRQoL is also presented stratified for high and low SE. Because there were missing data in the covariates and determinant variable, a multiple imputation was applied. For this, 10 imputed datasets were generated by using a fully conditional specified model, which takes into account the uncertainty of the data. Pooled estimates from these 10 datasets are presented as betas with 95% confidence intervals (β [95% CI]). For all analysis, a P-value <0.05 was considered to be significant. Analyses were performed in SPSS 21.0 (IBM Statistics Inc, Chicago, Illinois, USA).
Non-response analysis
Children which were excluded from the study, because of loss to follow-up or missing data on OHRQoL (n = 4752) were compared with children included into the study (n = 3796) using chi-square tests and t-tests. The excluded population had more often a low maternal and paternal education level, low household income and were more often single parenting, from ethnic minorities and with a higher caries prevalence (all P-values < 0.001). The non-response analysis is presented in the Supplementary Table S7 .
Results
Sample characteristics
In Table 1 , the family and child characteristics of the study population are presented by SOT. In total, 1914 (49.7 per cent) boys and 1935 (50.3 per cent) girls participated in the study. Of all participating children, 1075 had no SOT (27.9 per cent), 980 had borderline SOT (25.5 per cent) and 1794 had definite SOT (46.6 per cent). Parents from children with SOT were higher educated (P-values = 0.011/0.077) and had a higher household income (P-value = 0.036). Furthermore, children with SOT were more often female (P-value < 0.001), native Dutch (P-value < 0.001), brushed their teeth more often (P-value = 0.025), had more often an unfavourable IOTN-AC grade (P-value < 0.001), were more often in need for objective orthodontic treatment (P-value < 0.001) and had lower OHRQoL (P-value < 0.001) than children without or with borderline SOT. There were no significant differences in the other sample characteristics among the SOT groups with differently perceived orthodontic treatment need.
SE in the association between SOT need and OHRQoL SE was not significantly different between the groups based on SOT (P-value = 0.171, Table 1 ). Furthermore, adding SE to the model on the association between SOT and OHRQoL did not attenuate or strengthen the association between SOT and OHRQoL with more than 10 per cent (Supplementary Table S4 ). However, adding SE to the model on the association between SOT and OHRQoL improved the model significantly (P-values < 0.001, Table 2 ). In the fully adjusted model on SOT and OHRQoL, SE was significantly positively associated with OHRQoL (β [95% CI] = 0.08 [0.06, 0.11]).
SOT need associated with OHRQoL stratified by SE
After stratification for low and high SE, the association between SOT and OHRQoL appeared to be modified by children's SE (Table 3) . Based on the fully adjusted model, the association between borderline SOT and OHRQoL children was little but significantly stronger Discussion SE, based on child reports, did not mediate or confound the association between SOT and OHRQoL, which were both based on parental reports. SOT did not influence OHRQoL via SE, however, SE is Data may not add up to n = 3849, because they are based on the non-imputed dataset. Missing values-maternal education: 6.4%, paternal education level: 12.5%, household income: 14.2%, marital status: 6.7%, ethnicity: 1.6%, caries experience: 25.5%, toothbrushing: 0.5%, dental visits: 0.1%, aesthetic orthodontic need: 23.9%, objective orthodontic need: 21.3%, SE total: 6.4%; P-value is based on chi-square test for categorical data and UNIANOVA or Kruskall-Wallis test for continuous data. OHRQOL, oral health related quality of life; dmft, diseased, missing and filled teeth index; SE, self-esteem. a determinant for OHRQoL that modified the association between SOT and OHRQoL.
Interpretation of results in relation to the literature
In the present study, a significant relationship between SE and OHRQOL was found, which was much more profound than in previous studies (13, 14) . This confirmed that SE is one of the psychosocial determinants of OHRQOL as proposed by the Wilson and Cleary model and described by many other authors (6, 30) . Based on the Wilson and Cleary model malocclusion influences OHRQOL via symptom status, functional status and general oral health perception and this pathway, in turn, should be affected by self-esteem (6). However, there is no evidence yet confirming the relevance of SE in the association between malocclusion and OHRQoL (13, 31) . The present study investigated the confounding a mediating role of SE in the relationship between SOT and OHRQoL. This might be different to the role of SE in the association between malocclusion and OHRQoL (Figure 1) , as self-perceived and normatively assessed dental needs are suggested to influence OHRQoL differently (32) . Still, SE was unrelated to SOT and did not change the effect estimates between SOT and OHRQoL with more than 10 per cent. Thus, SE did neither mediate nor confound the association between SOT and OHRQoL. However, SE appeared to be a determinant for OHRQoL. Thus, SE might influence OHRQoL in two ways, namely on the one hand directly and on the other hand as modifier in the association between SOT and OHRQoL.
In contrast to OHRQoL, which is considered to have a dynamic, context-specific character, SE is a relatively stable construct a personal resource that facilitates coping with less favourable conditions, such as poor oral health (9, 31) . Therefore, it seems not only coherent that OHRQOL is correlated with SE in our study as well as in other studies, but also that malocclusions are unrelated to SE. High SE is a psychological resource that protects individuals from the effects of deleterious oral conditions, but still children with low SE might be more focused on their malocclusion (12) . In line with this, the present finding suggests a modifying role of SE on the relationship between SOT and OHRQOL. The absence of an association between SOT and SE, however, appeared rather surprising, because earlier studies found a relationship between SE and the way people are satisfied with their faces; those with higher SE showed less Table 2 . Associations between SOT and OHRQOL by subjective orthodontic treatment need and the role of SE in this association (n = 3849). SOT, subjective orthodontic treatment need; OHRQOL, oral health related quality of life; SE, self-esteem. *Beta and 95% confidence interval (β (95% CI)) obtained from weighted least square linear regression models. **Change in R 2 between step 1 (SE not included) and step 2 (SE included). ***P-value for significance of R 2 change. Basic model adjusted for age and gender only, model 1 additionally adjusted for paternal education level, household income and ethnicity; model 2 additionally adjusted for caries experience, aesthetic orthodontic need and objective orthodontic need. Table 3 . Association between subjective orthodontic treatment and OHRQOL by SE (n = 3849). P interaction for borderline* 0.020 P interaction for yes* 0.280 OHRQOL, oral health related quality of life; SE, self-esteem; Beta and 95% confidence interval (β (95% CI)) obtained from weighted least square linear regression models. Basic model adjusted for age and gender only, model 1 additionally adjusted for paternal education level, household income, marital status, and ethnicity; model 2 additionally adjusted for caries experience, aesthetic orthodontic need, and objective orthodontic treatment need.
*Obtained from interaction term entered into the basic model. frequent impacts from their malocclusion, suggesting less perceived orthodontic treatment need (31, 33) . But indeed, SE has also been shown to be unrelated to orthodontic treatment seeking (34) .
Limitation and strength
Some limitations of the study have to be considered. First, the OHRQoL questionnaire, as well as SOT, was assessed with questionnaires addressed to the mothers instead of the children themselves. This might have led to information bias, however, several studies discussed maternal reports regarding patient-reported oral health outcome measures as valid proxies for children reports (35) (36) (37) . Second, in the non-response analysis, data were more often missing in children from the low socioeconomic position and with caries. This could have caused selection bias, when the association between SOT and OHRQoL and the role of SE in this association is different between the included and the excluded population. However, the conclusion of our findings did not change after adjusting our analysis for socioeconomic status and oral conditions and therefore a selection bias in the present study seems unlikely. Third, although the analysis was adjusted for several factors that are thought to influence OHRQoL, residual confounding might have affected our results as it is a general thread to observational studies. For example we did not assess whether the children have had previous orthodontic treatment. Finally, SE was the only psychological factor investigated in the present study. Thus, this study cannot say anything about the influence of other factors related to the children's psychological profile on OHRQoL. However, several studies suggested the relationship between other psychological factors, like the sense of coherence, health locus of control and coping beliefs with oral health (related quality of life) (30, 38) . Yet, to our knowledge, this is the first study, which investigates the role of SE in the association between SOT and OHRQoL. The major strength of the study is, that a large population-based sample including n = 3796 children instead of a small selected clinical sample was used. Furthermore, objective clinical measures, as well as questionnaire data, were combined in this study.
Implications of the result for research and practice
Orthodontics is a major oral health problem among children and adolescent, as more than half of the young adolescents have received orthodontic treatment (39) (40) (41) . As the relationship between subjective and objective orthodontic treatment need is very inconsistent, many different reasons unrelated to the severity of malocclusions seem to exist why to seek or not to seek orthodontic treatment. The present study clearly indicates that clinical measures are not sufficient to assess the impacts of malocclusions and the objective need for treatment, but subjective measures like OHRQoL need to be included as well. As caregivers are not only interested in aligning their patient's teeth, but also in improving their OHRQoL, it is important for them to understand the relationships between clinical indicators and psychological indicators on OHRQoL. The present study is also important for future oral health research as it supports to take SE into consideration when investigating relationships regarding emotional impacts of oral health and OHRQoL.
Conclusion
From the results obtained, SE is a relevant determinant of OHRQoL as proposed by the Wilson and Cleary model, which describes the pathway between biological/physical variables, in this case malocclusions, and OHRQoL. Whereas other studies already suggested SE to be unrelated to malocclusions but to be associated with OHRQoL, based on the present study SE is also unrelated to SOT. Our findings, however, suggest that SE modifies the relationship between SOT and OHRQoL, which has not been established before. Work still needs to be done to understand and explain the role of SE for OHRQoL, as such as well as in relation to oral health perceptions.
Supplementary Material
Supplementary data are available at European Journal of Orthodontics online. 
